We probe the phase structure of regular AdS black holes using the null geodesics. The radius of photon orbit and minimum impact parameter shows a nonmonotonous behaviour below critical pressure, corresponds to the phase transition in extended phase space. The difference of the radius of unstable circular orbit and the minimum impact parameter can be seen as the order parameter for the small-large black hole phase transition. Our study shows that there exists a close relationship between the gravity and thermodynamics for the regular AdS black holes.
I. INTRODUCTION
The importance of black hole thermodynamics is undebatable one due to its intriguing applications, since the seminal work of Hawking and Bekenstein [1, 2] . The identification of temperature and entropy from the surface gravity and area of the event horizon, respectively, enable one to view the black hole as a thermodynamic system. Interestingly, as in the case of an ordinary thermodynamic system, black holes undergo phase transitions in a quite lot of ways. However, the phase transitions of black holes in AdS space has gained wide attention due to thermal stability. In the pioneering work, Hawking and Page [3] had shown the possibility of a phase transition between the thermal radiation and large black hole in the AdS cavity. Since the introduction of proper pressure term for black hole using the cosmological constant in AdS space by Kubiznak and Mann [4] , it was observed that a van der Waals (vdW) like phase transition is exhibited by the charged AdS black holes. The phase transition in this scenario is between the small and large black holes (SBH-LBH) analogous to the liquid-gas transition in a vdW fluid.
The characteristic features of the material particles in the very vicinity of the event horizon can be utilized to unveil the information encoded in the concerned black hole. This motivation leads us to directly link the analysis of the particle motions that are affected by the strong gravity near the compact objects such as a black hole, neutron stars etc. The study of geodesics of a test particle plays an important role in the understanding of some observational effects such as the strong gravitational lensing and black hole silhouette, as well as quasinormal modes [5, 6] . Attempts to unravel the vdW phase transition of a black hole through astrophysical observations has its roots in quasinormal mode (QNM) studies [7] . It is reported that during the SBH-LBH phase transition, the slope of the quasinormal mode changes drastically.
Prompted by the study relating the dynamics and thermodynamics, in the context of AdS black holes, recently there were attempts to establish a relationship between the gravity and thermodynamics [8, 9] . The correlation between the gravity and the critical behaviour is seen through the unstable null geodesic which is encoded with the phase transition details.
The radius of the photon sphere and the minimum impact parameter of that exhibits an oscillatory behaviour during the vdW phase transition. Above the critical point of phase transition, the behaviour becomes monotonous one. Another important result is that the differences in the radius and the minimum impact parameters act as an order parameter for SBH-LBH phase transition with the critical exponent of 1/2. The phase transition is scrutinised using photon orbit method for several black holes in different contexts [10] [11] [12] [13] [14] [15] [16] .
The Penrose censorship conjecture states the existence of singularity dressed by an event horizon [17, 18] . Therefore all the electrovacuum solution of Einstein general relativity are in accordance with such point of view. However such conjectures do not forbid us to consider the regular black hole spacetimes freed from the singularity. Regular black holes were proposed to overcome such singular points, where the central singularity is replaced by a repulsive de-Sitter core. In this regard Bardeen, motivated by the ideas of Sakharov [19] and Gliner [20] proposed first regular black hole solution [21] . The subsequent study of all the regular black holes was inspired by Bardeen's idea [22] [23] [24] . Later Ayon-Beato-Garcia found the first exact regular black hole solution of Einstein field equations coupled to nonlinear electrodynamic source. Various properties such as the black hole thermodynamics [25, 26] , the rotating black hole shadows [27, 28] , quasinormal modes [29] as well as the strong gravitational lensing [30] have been investigated in the background of regular black hole spacetimes. Some regular black hole solutions were also considered in alternative theories of gravity such as Lovelock gravity [31] , massive gravity theories [32] . Regular black holes have been also extended to higher dimensions to study its horizon structure and thermodynamical properties [33, 34] . In the present work, we study the phase transition of regular black holes in AdS spacetime by considering the correspondence between photon orbits and the extended phase space thermodynamics. We show the parametric effect induced in the black hole solution due to the presence of nonlinear charge.
The organisation of the paper is as follows. In the next section, we discuss the phase transition of regular Hayward AdS black hole. In section III we carry out a similar investigation for the regular Bardeen AdS black hole. Finally, we conclude the paper in section IV.
II. REGULAR HAYWARD BLACK HOLE

A. Thermodynamics of Regular Hayward Black Hole
The metric of regular Hayward black hole is given by [35] ,
where,
The pressure P is related to the cosological constant Λ as P = −Λ/8π. The Hawking temperature of the black hole is obtained as,
.
The entropy of the black hole is taken as
where the first law will be modified with a redefined mass. However the modified mass has no role in our calculation. The equation of state reads as,
The regular black hole exhibits a vdW like critical behaviour, which has been studied extensively in the literature [36] . The critical point of this phase transition is given by,
S cH = 6 √ 6 + 14
B. Geodesic equations of motion
To obtain the reltionship between the null geodesics and the phase transition of the black hole we consider a free photon orbiting around the black hole on the equitorial plane, i.e., θ = π/2. Then the lagrangian is,
The dots over variables stands for the differention with respect to an affine parameter. The generalised momentum corresponding to this Lagrangian can easily be obtained as,
In the above, E and L are the energy and orbital angular momentum of the photon, respectively, which are the constants of motion. The t motion and r motion can be written
The Hamiltonian for the system is,
The expression for the radial r motion is rewritten aṡ
where V ef f is the effective potential, which has the following explicit form,
The behaviour ofṼ ef f = V ef f /E is shown in fig. 1 . The accessible region for the photon is V ef f < 0, sinceṙ 2 > 0. From the figure 1 it is clear that, the photon fall into the black hole for small values of L, whereas it is reflected for large values of L, as it approaches the black hole. Between these two conditions there is an unstable circular photon orbit which corresponds to the critical angular momentum (red thick line in figure 1 ). At the peak of that particular effective potential the radial velocity of the photon is zero. The corresponding value of r at the peak is the radius of the photon sphere. The unstable circular orbit is characterised by,
where the prime denotes the defferentiation with respect to r. Expanding the second equation,
The solution of this gives the radius of photon sphere r ps ,
where
and
The solution of the first equation, (V ef f = 0), gives the minimum impact parameter of the photon,
The explicit form of this can be obtained by using equation 20. write about BH lensing.
We can relate these key quantities, r ps and u ps , to the thermodynamic variables P and S by using the expression for mass of the black hole M. r ps (P, S) is a complicated expression which we have not written here. The behaviour r ps and u ps against the temperature is studied in reduced parameter space (figure 2(a) and 2(b)). The similar study is carrie out forP −r ps andP −ũ ps plots for a fixed value of reduced temperature. 
C. Critical behaviour from unstable photon orbits
As inT −S ps plane we can construct the equal area law for these curves for the coexistence curve. The sudden change in ∆r ps and ∆ũ ps exists in the regions corresponding to the first order phase transitions. The difference becomes zero at the the critical value ofP is approached, where the second order phase transition is observed. The differences ∆r ps and ∆ũ are plotted against the reduced tempertureT , which is shown in figure 4 and 5.
Ther ps andũ ps has two branches corresponding to SBH and LBH phases of the black hole. The behaviour of ∆r ps and ∆ũ ps is observed near the critical point in the inlets of 
III. REGULAR BARDEEN BLACK HOLE
The Bardeen solution of the black hole in AdS spacetime has the following form [35] ,
with
As earlier the pressure P is related to the cosological constant Λ as P = −Λ/8π. The
Hawking temperature can be easily obtained as,
The entropy of the black hole is taken in the usual form,
With these inputs the equation of state can be written as,
from which an oscillatory behaviour of isotherms below critical temperature and hence the phase transition is evident, which is well studied [37] . The critical values of the thermodynamic for this phase transition is determined by the usual methods, which are, 
A. Photon Orbit and Phase transition
The geodesic for the photon moving in the equatorial plane of regular Bardeen AdS black hole is analysed in the same line as that of Hayward case. The behaviour ofṼ ef f = V ef f /E is shown in fig. 6 . The interpretation of this in the Hayward case is also applicable here.
However, there is a distinct difference in the critical effective potential, which is clear from The photon orbit expression is obtained by solving the second relation in equation 19 for the Bardeen background, which has a relatively simple form,
With the use of this and equation 23 we obtain the minimum impact parameter u ps for the 
IV. CONCLUDING REMARKS
In this article, using the formalism of unstable circular null geodesics for a class of regular black holes including Hayward-AdS and Bardeen-AdS spacetimes, we find a close connection between the gravity and thermodynamics in the extended phase space. The well-known van der Waals-like phase structure is probed via the photon orbit radius r ps and minimum critical impact parameter u ps . The isobars and isotherms in each of these key parameters show oscillatory behaviour below the critical values of the temperatureT and the pressurẽ P , respectively, in the reduced parameter space. Such behaviours are in accordance with the van der Waals-like phase transition of the black holes. This first-order phase transition disappears above the critical in the respective plots of r ps and u ps . Moreover, the differences ∆r ps and ∆u ps serve as order parameters for the critical behaviour. Furthermore, near the second-order phase transition points, these differences exhibit a change concavity with critical exponents δ = 1/2. Our results show that regular black holes are in close proximity with charged AdS black holes, in phase transition perspectives. Thus a regular modification to the electrovacuum solutions of Einstein field equations may be a possible candidate for probing its thermal properties. Our results may also be constrained to the acceptance or discarding of the existence of regular black holes, as it is an effort to connect the thermodynamic phase transition to observational aspects of the concerned compact objects.
